The use of metaphors in various genres of electrical engineering discourse by Svobodová, Pavla
BRNO UNIVERSITY OF TECHNOLOGY
Faculty of Electrical Engineering
and Communication
BACHELOR'S THESIS
Brno, 2016 Pavla Svobodová
BRNO UNIVERSITY OF TECHNOLOGY
VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ
FACULTY OF ELECTRICAL ENGINEERING AND
COMMUNICATION
FAKULTA ELEKTROTECHNIKY
A KOMUNIKAČNÍCH TECHNOLOGIÍ
DEPARTMENT OF FOREIGN LANGUAGES
ÚSTAV JAZYKŮ
THE USE OF METAPHORS IN VARIOUS GENRES OF
ELECTRICAL ENGINEERING DISCOURSE
POUŽITÍ METAFOR V RŮZNÝCH ŽÁNRECH DISKURZU O ELEKTROTECHNICE
BACHELOR'S THESIS
BAKALÁŘSKÁ PRÁCE
AUTHOR
AUTOR PRÁCE
Pavla Svobodová
SUPERVISOR
VEDOUCÍ PRÁCE
Mgr. Jaromír Haupt, Ph.D.
BRNO 2016
Fakulta elektrotechniky a komunikačních technologií, Vysoké učení technické v Brně / Technická 3058/10 / 616 00 / Brno
Bakalářská práce
bakalářský studijní obor Angličtina v elektrotechnice a informatice
Ústav jazyků
Studentka: Pavla Svobodová ID: 164236
Ročník: 3 Akademický rok: 2015/16
NÁZEV TÉMATU:
Použití metafor v různých žánrech diskurzu o elektrotechnice
POKYNY PRO VYPRACOVÁNÍ:
Cílem práce je sledovat a porovnat výskyt, charakter a funkci metafor v různých žánrech elektrotechnických textů
zabývajících se tématikou tranzistorů.
DOPORUČENÁ LITERATURA:
Lakoff, John and Mark Johnson (1980). Metaphors we live by. Chicago: University of Chicago Press.
Termín zadání: 11.2.2016 Termín odevzdání: 27.5.2016
Vedoucí práce:     Mgr. Jaromír Haupt, Ph.D.
Konzultant bakalářské práce:     
doc. PhDr. Milena Krhutová, Ph.D., předseda oborové rady
UPOZORNĚNÍ:
Autor bakalářské práce nesmí při vytváření bakalářské práce porušit autorská práva třetích osob, zejména nesmí zasahovat nedovoleným
způsobem do cizích autorských práv osobnostních a musí si být plně vědom následků porušení ustanovení § 11 a následujících autorského
zákona č. 121/2000 Sb., včetně možných trestněprávních důsledků vyplývajících z ustanovení části druhé, hlavy VI. díl 4 Trestního zákoníku
č.40/2009 Sb.
 
 
ABSTRACT 
This bachelor thesis focuses on metaphor as a linguistic phenomenon and its use in various 
types of texts dealing with transistors, including popularization news articles, online 
tutorials, textbooks, and research articles. The aim is to map the occurrence and function 
of metaphorical expressions used in engineering discourse, and to classify them in terms 
of conceptual metaphors. The thesis also includes a comparison of the texts with respect to 
the phenomena under investigation. 
KEYWORDS 
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ABSTRAKT 
Tato bakalářská práce se zabývá metaforou jako lingvistickým jevem a jejím používáním v 
různých druzích textů týkajících se transistorů (populárně vědecké zprávy, online tutoriály, 
učebnice a odborné články). Cílem práce je zmapovat výskyt a funkci metaforických 
výrazů v elektrotechnickém diskurzu, jakož i klasifikovat je pomocí konceptuálních 
metafor. Práce dále obsahuje porovnání daných typů textů s ohledem na zkoumané rysy. 
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Introduction and aims 
The present bachelor thesis investigates metaphor as a linguistic phenomenon in various 
genres of electrical engineering discourse. The thesis includes a research of assembled 
corpus comprising texts from the genres of popularization news articles, online tutorials, 
textbooks, and research articles. The research focuses on the occurrence, character, and 
function of metaphors present in the texts. The research adopts qualitative approach with 
the objective to classify the metaphors under investigation and answer the following 
research questions: 
 What metaphors are used in the chosen corpus of texts? 
 What is the function of the metaphors under analysis and how does it differ with 
genre? 
The thesis consists of three chapters. Chapter One attempts to summarize the definitions 
and descriptions of metaphor as a linguistic phenomenon and the phenomena associated 
with it. Chapter Two includes the description of both the methodology and the texts under 
investigation and most importantly the analysis itself with a classification of metaphorical 
expressions. Chapter Three contains the summary of the analysis findings and conclusions 
that can be inferred from them together with suggestions of the analysis limitations and 
possible further research. The thesis is closed by the section of references and appendix, 
which comprises an overview of the primary sources and also sample texts from the 
corpus. 
The literature used in this thesis is mainly the book by George Lakoff and Mark Johnson 
called Metaphors We Live By, which is considered a milestone in understanding 
the phenomenon of metaphor. Two more books that provided a solid foundation for this 
thesis were The language of metaphors by Andrew Goatly and Metaphor in Discourse 
by Elena Semino. 
Chapter One: Theoretical Framework 
Metaphor is traditionally viewed as a rather rare and expandable poetic phenomenon or 
linguistic device. Most people think that they do not use metaphors in the everyday spoken 
language (Lakoff & Johnson, 1980, p. 3). What philosophers, psychologists, and linguists 
have agreed on over the last thirty years, however, is a very different and rather 
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revolutionary opinion arguing that metaphor “is not something that can be easily confined, 
but is an indispensable basis of language and thought” (Goatly, 1997, p. 1). Lakoff and 
Johnson (1980) laid the foundations of this theory claiming that metaphor is not a matter of 
mere language, that it is inseparably integrated into the human language, thought, and 
actions. The attention paid to metaphors in contemporary language studies is based on the 
identification of metaphors in everyday rather than in poetic language. According to Leech, 
Deuchar and Hoogenraad, “[t]he traditional figures of speech (metaphor, etc.) are found in 
both everyday language and in literature.” (2006, p. 174). 
1.1 How metaphor is formed 
To explain what metaphor is and to introduce the language describing it, let me start with 
an example of metaphor, which will be helpful in understanding the following definitions. 
Let us consider a widely used metaphor described as time is money – the formulation 
means that the concept of time is likened to the concept of money. Basically, the words 
that are used to discuss money are used to discuss time. The metaphor demonstrates itself 
in expressions such as: don’t waste my time, spend some time studying, invest some time in 
studying, save time by taking a shortcut (see Lakoff & Johnson, 1980, p. 8). These 
metaphorical expressions (the words essentially traceable in text) are motivated by an 
underlying metaphor that is called conceptual metaphor. The conceptual metaphors take 
the form A is B, conventionally written in upper case (e.g. time is money). What it means 
is that “the conceptual metaphor represents the conceptual basis, idea or image that 
underlies a set of metaphors”(Charteris-Black, 2004, p. 9). Conceptual metaphor is a single 
idea that explains a number of metaphorical expressions. The TIME IS MONEY metaphor is 
not integrated only into the language, but also into the way we think of time: employees 
are paid by hours, we pay for time spent talking on the phone, which suggests that time is a 
valuable commodity, that we think of TIME as of MONEY. 
There are no rules about what domains can be likened to each other, or in which contexts 
they can be used, it is only the speaker‟s choice. By choosing a metaphor instead of literal 
language, the speaker steps out of the level of communication possible to explain by 
semantics, because, as Sadock (1979) argues, a metaphor creates a conflict between what is 
said and what is intended. The interpretation of metaphors is then a matter of a hearer‟s 
subjective world depending on very diverse influences such as their past experiences of the 
world (people, situations, culture, language), requiring a creative decoding process, as 
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Charteris-Black described it, the speaker and the hearer by successfully communicating a 
message encoded in metaphor “have engaged in a joint activity of meaning creation that 
goes beyond what is normally codified within the semantic system” (2004, p. 12). 
Metaphor is usually understood as saying one thing while intending another, making 
implicit comparisons between things linked by a common feature (Leary, 1995). Lakoff 
and Johnson (1980, p. 36), however, describe metaphor as something connected to 
understanding, not only saying. They defined metaphor as conceiving of one thing (TIME) 
in terms of another (MONEY). The individual concepts (TIME or MONEY) belong to domains 
that have special names – the source domain, from which the terms for describing a 
concept (MONEY) are used, and the target domain, the domain of the described concept 
(TIME). In these terms, Semino (2008) defined metaphor as a set of correspondences, a 
conceptual mapping, between two different conceptual domains – the source domain and 
the target domain. Charteris-Black noted that the source domains are typically schemas 
derived from everyday bodily interaction with the physical environment (2004). 
1.2 Functions of metaphors 
Metaphor can be used for a number of purposes. Lakoff and Johnson explained that 
“[m]etaphor is one of our most important tools for trying to comprehend partially what 
cannot be comprehended totally: our feelings, aesthetic experiences, moral practices, and 
spiritual awareness” (1980, p. 193). We can directly experience these and yet we cannot 
comprehend them on their own terms. That is the reason we “must understand them in 
terms of other entities and experiences, typically other kinds of entities and experiences” 
(Lakoff & Johnson, 1980, p. 177). 
Lakoff and Johnson claim that metaphors primarily function as devices for understanding 
(1980). They are especially useful in communicating of unshared experience through 
describing this experience in terms of a shared and familiar, yet different kind of 
experience. Metaphor in its nature highlights some aspects of referents, the aspects 
common to both the source and the target domain while deemphasizing others. To 
illustrate, the TIME IS MONEY metaphor highlights that time is a valuable resource while 
deemphasizing e.g. the continuity of time or the fact that time is viewed as being in 
motion, going forward. 
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Charteris-Black views metaphor similarly, but emphasizes that for metaphor, “the intention 
is to heighten the emotional intensity of abstract concepts with reference to the familiar 
concrete entities” (2004, p. 103). Charteris-Black in his writing (2004) focuses on 
the persuasive and manipulative function of metaphors in the discourse of politics, press or 
religion. He argues that it is important to understand what metaphor is, because when users 
of language understand what persuasive character can a metaphor have it enables them to 
have a critical approach to what they hear. 
1.3 Metaphor in scientific discourse 
The role of metaphor in scientific discourse should be defined since the texts under 
analysis are dealing with a scientific topic. Metaphors are essential devices enabling 
understanding in many genres, including scientific discourse. On the subject of this, 
Knudsen states that “[i]n specialist discourse, the dominant function of scientiﬁc metaphors 
is considered to generate scientiﬁc ideas, in so far as such metaphors are used to generate 
or construct  hypotheses,  ideas,  and  theories” (2003, p. 1248). Metaphor can play a vital 
role in newly developing fields of science when there is a need for newly coined terms and 
names for newly discovered entities. These are very often coined on the basis of a 
similarity between the new entity and entities already known to scientists or the public. 
Semino also claims that one of the functions of metaphor is to offer new conceptualizations 
of reality (2008) and Boyd (1993) denoted such metaphors and statements as 
theory-constitutive. 
Scientific metaphors, as Semino claims (2008), “simplify complex issues, make invisible 
processes accessible, and help to provide convincing accounts of particular phenomena.” 
In this sense, metaphor has also a persuasive function. To make possible accepting 
a scientific phenomenon as being true, we must first understand that phenomenon. Making 
a scientific context more familiar to its readers by metaphors gives the phenomenon 
potential to be accepted as true (Lakoff & Johnson, 1980, p. 169). 
1.4 Metaphor in educational discourse 
The role of metaphor in educational discourse should also be defined since a significant 
part of the texts under analysis are of genres with educational purposes. Metaphors in such 
texts are used in compliance with their explanatory and didactic purposes. Such metaphors 
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can be called didactic metaphors and they are aimed at learner audience. The goal of 
didactic metaphors is to facilitate visualization for the reader, often a novice reader. 
1.5 Types of metaphors 
There are many aspects of metaphors that are relevant to their description (complexity, 
structure, function in text, character of the text they occur in), however, metaphors are so 
diverse, miscellaneous and unique that it is almost impossible to standardize them 
in a clear way. Conceptual metaphors, for example, are used systematically and account for 
many metaphorical expressions, while other metaphors can stand alone. 
Goatly (1997, p. 38) introduces five clines that can characterize metaphors according to 
what extent they feature the particular property: 
(1) Approximative Similarity         Distant Similarity/Analogy 
(2) Conventionality            Unconventionality 
(3) Marking              No Marking 
(4) Non-contradictoriness            Contradictoriness 
(5) Explicitness          Inexplicitness 
For this thesis, we will be using mostly the second cline in the above diagram ranging from 
unconventionality to conventionality. In terms of the conventionality/unconventionality 
cline, a metaphor approaches conventionality when it is integrated into the language or 
culture to such an extent that we often do not realize the figurativeness of it. Such 
metaphors are difficult to uncover if one is not deliberately looking for them. Their 
metaphorical meaning can be looked up in a dictionary. Goatly (1997, p. 31) stated that 
dictionaries are like cemeteries for these conventional, in other words, lexicalized, 
metaphors. Once a metaphorical meaning acquires a conventional, separate meaning listed 
in the dictionary it becomes dead or buried. Nonetheless, whether dead or buried, metaphor 
is still metaphor. A metaphor located close to unconventionality, on the contrary, is rather 
noticeable and original. There are two problems that occur when stating the status of 
metaphor conventionality. Firstly, the status cannot be declared globally, because the use 
of language is a subjective matter of social groups (geographically bound or not), cultures 
and individuals that use language in different ways. The second issue is that the status 
changes over time the same way language and culture do. 
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1.6 Patterns of metaphor occurrence 
Metaphors in discourse form certain patterns (Semino, 2008, p. 22), which, however, do 
not have clear boundaries, but often appear simultaneously. Some of these patterns were 
observed in the analysis. The patterns include repetition (a particular metaphorical 
expression occurring more times in a piece of discourse), recurrence (repeating of a 
metaphor by using different expressions than expressions in the metaphor itself), clustering 
(metaphors tend to appear close to each other in a piece of discourse, being distributed 
unevenly), extension (metaphorical expressions from identical source domain used in close 
proximity), signalling (metaphorical expressions highlighted by linguistic means – 
quotation marks, phrases such as metaphorically speaking, as it were, kind of,...). Similes, 
for instance, are explicitly marked as figurative language by the signalling word “like”. 
Although metaphor and simile are similar in many ways, they are still different figures of 
speech, each of them providing a possibility to express what cannot be fully expressed by 
the other. For instance, the phrase “Josh is as strong as an ox” certainly does not bear the 
same implications like the concept JOSH IS AN OX. Similes will not be considered in the 
scope of this research. 
1.7 Other kinds of figurative language 
Metaphors need to be distinguished from other forms of figurative language, for example, 
metonymy. Lakoff and Johnson (1980, p. 36) described metonymy as using one entity to 
stand for another, having mainly a referential function. To clarify, let us give an example 
of a metonymy: (waiter in a restaurant to another waiter) “Table five wants to pay”. 
The difference between metaphor and metonymy is that while metaphor uses an entity 
from one domain (MONEY) to talk about an entity from another domain (TIME), metonymy 
uses an entity (table) to refer to other entity or entities of the same domain (customers 
sitting at the table). 
Chapter Two: Methodology and Results 
2.0 Methodology 
I gathered a mini-corpus of open access texts dealing with transistors, in total 47 standard 
pages long, with a view to examine and compare the use of metaphors within this corpus. 
These texts include popularization news articles, online tutorials, textbooks, and research 
7 
 
articles. The texts were chosen carefully so that the English language in them would be 
authentic. To identify metaphorical expressions in the corpus I adopted and applied 
the Metaphor Identification Procedure described in the following paragraph. For 
the purpose of further investigation of some metaphors in the analysis the British National 
Corpus (BNC), a website of the Brigham Young University, was used. Other tools that I 
used for the investigation include several dictionaries, Macmillan English Dictionary, 
Lingea Lexicon 5 and Online Etymology Dictionary (OED), and a collection of conceptual 
metaphors called the Master Metaphor List (MML) by Lakoff, Espenson, and Schwartz 
(1991). Taking the qualitative approach to the research, the identified expressions were 
classified and described, in most cases, according to a conceptual metaphor. After that, the 
conceptual metaphors were classified according to their use and correlated. The classified 
and correlated metaphors are presented in section 2.2 Mapping the Metaphors in the 
Corpus. 
Metaphor Identification Procedure 
In order to identify metaphors in texts, the Pragglejaz Group (2007, p. 3) proposed 
so called Metaphor Identification Procedure (MIP). MIP is a four-step manual, which was 
adopted in the analysis below as a methodological instrument. MIP is defined as follows: 
1. Read the entire text-discourse to establish a general understanding of the meaning. 
2. Determine the lexical units in the text-discourse. 
3. (a) For each lexical unit in the text, establish its meaning in context, that is, how it 
applies to an entity, relation or attribute in the situation evoked by the text (contextual 
meaning). Take into account what comes before and after the lexical unit. 
(b) For each lexical unit, determine if it has a more basic contemporary meaning in 
other contexts than the one in the given context. For our purposes, basic meanings tend 
to be 
– More concrete (what they evoke is easier to imagine, see, hear, feel, smell, and taste); 
– Related to bodily action; 
– More precise (as opposed to vague); 
– Historically older. 
Basic meanings are not necessarily the most frequent meanings of the lexical unit. 
(c) If the lexical unit has a more basic current-contemporary meaning in other contexts 
than the given context, decide whether the contextual meaning contrasts with the basic 
meaning but can be understood in comparison with it. 
4. If yes, mark the lexical unit as metaphorical. 
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2.1 Corpus Description 
This section is devoted to characterizing each of the examined genres in order to 
familiarize with their functions, tendencies, and features. Correspondingly, it is important 
to know where the texts originate and what their purpose is because these facts influence 
what kind of metaphors appear in the texts and how they are used. After introducing the 
individual text units and their sources, each genre will be looked at from a linguistic point 
of view. For further information and corpus samples, which should provide a better picture 
of what the texts under analysis look like, see appendix. 
2.1.a Video tutorial texts 
The table shows the titles videos under analysis, together with their description and the source: 
1 
How the first transistor worked 
Examines a replica of the Bardeen-Brattain point contact 
transistor 
EngineerGuy.com 
2 
Semiconductor Technology 
Explanation of the basic atomic theory of semiconductors 
All About Circuits 
3 
How Bipolar Transistors Work 
3D animation explaining the inner working of a bipolar 
transistor 
Bring Knowledge to the World 
The three texts were taken from web portals, whose goal is to provide its hearers with 
comprehensible information about technical topics. The first video is taken from a portal 
called EngineerGuy.com. The slogan of its home page is “The engineering details of all the 
stuff you wanna know”. It can be seen that it is the effort of the writers to get closer to the 
hearers through informal language, which arouses a positive reaction in them. The second 
video comes from an educational portal called All About Circuits, which describes itself as 
a large online electrical engineering community of electronics geeks who enjoy sharing 
knowledge and ideas. The third video text comes from webpage of the Bring Knowledge to 
the World project. The goal of the project is to provide free high-quality videos containing 
explanatory animations to educational institutions around the world. 
The genre of video tutorial texts is the only one of the genres under investigation that is 
spoken. The source websites provided machine-generated transcriptions of the videos, 
which were suitable for the purposes of this thesis after revision and correction made by 
myself. Compared to the other genres, the texts are very explicit using only necessary 
technical terms, often explaining, relating to more familiar concepts, and providing 
generally known examples. The primary function of these texts is to convey information, 
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usually explain or describe the subject. The target audience is basically anyone with access 
to the internet and interest in the topic. Typically, however, these video tutorials are 
followed by students trying to gain comprehensible information. 
2.1.b Research article text 
Title: Organic Thin-Film Transistor (OTFT)-Based Sensors  
The source of this article is an open access journal called Electronics. It is self-described as 
an international, peer-reviewed journal on the science of electronics and its applications. Its 
aim is to encourage scientists to publish their experimental and theoretical results in as 
much detail as possible. Therefore, the language of this research article does not take 
a reader-friendly approach, but it is subject-oriented. 
The genre can be characterized by formality, objectiveness and highly specialized 
terminology. Generally, the text uses many nouns and nominal phrases together with 
acronyms. The text is intended for a specific group of readers who are specialized in 
organic transistors and their composition. For lay readers, the text is rather implicit  
because it clarifies or explains very little. 
2.1.c Popular Scientific article texts 
The table shows the titles of articles under analysis, together with their description and the author: 
New Scientist 
1 
Single atom transistor gets precise position on chip 
Informs the reader about an uncommon technique of making a transistor by 
using a single phosphorus atom, describing the process and discussing its 
potential in the future. 
Fellet, M. 
2 
Magnets join race to replace transistors in computers 
Describes a new technology of making computer chips from nanomagnets with 
low power consumption rather than from conventional transistors. 
Marks, P. 
3 
Graphene rival ‘phosphorene’ is born to be a transistor 
Introduces the latest discovery of a semiconductor material called phosphorene, 
which has promising properties for the use of building transistors. 
Barras, C. 
 
Live Science 
4 
Digital Evolution: DNA May Bring Computers to Life 
Introduces a new technology called a transcriptor, a biological transistor made 
from DNA. 
Lewis, T. 
Three of these texts come from a weekly magazine and widely read website called New 
Scientist. According to its self-description available at the website, New Scientist is an 
authoritative voice on all matters related to science, technology and the ideas improving 
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our knowledge of the universe and those shaping our world and lives, offering the latest 
news, ideas, and opinions. The goal of this brand is to inspire both innovation and the 
imagination, providing an accessible bridge between science, industry, culture and art.  
One of the texts was taken from a large science site on the internet called Live Science, 
which defines its goal as illuminating life and technology through the lens of science with 
daily news and analysis of discoveries and innovations, as well as reviews of health-tech 
products. 
The term popular scientific refers to “articles, books, journal, and television programmes 
produced for audiences without a professional need for information about science” 
(Hyland, 2009, p. 152). The main function of the genre is strongly informational, or even 
educational, but there can be other goals of particular texts, e.g. arouse discussion or 
support a particular public position. Popular scientific texts are typically written by 
non-professionals in the scientific target domain. In comparison with texts written by 
professional scientists, writers of popular articles tend to use scientific metaphors more 
freely and wittingly, frequently in a humorous manner. However, writers of science 
popular articles also tend to use the metaphors less rigorously, which may potentially result 
in some degree of imprecision. This can be caused by the fact that the writers are required 
to create texts, especially headlines, that will catch the reader‟s attention. Semir, in his 
article (2000), stresses the fact that “sensational” news is what sells, which means that the 
writer needs to interconnect the scientific topic with emotion and imagination. This can be 
done by employing metaphor and personification. 
Popular scientific articles combine an objective scientific approach with a reader friendly 
approach, resulting in a higher level of text explicitness compared to research articles. 
2.1.d Textbook text 
Title: Bipolar Junction Transistors: Chapter 2 - Solid-state Device Theory 
For the analysis of textbook text a single chapter from an online textbook was chosen. 
The textbook is accessible at the educational portal All About Circuits (the same portal one 
of the video tutorials was taken from), which was already described above in the video 
tutorial texts subsection. The genre of textbooks is exceptional in its usage of figurative 
language for explanatory purposes. It could be argued that unlike popular scientific 
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articles, textbooks do not need to compete for the attention of the readers, because reading 
them is either an obligation or interest of the readers, which means the attention is ensured. 
The text is precise and objective, characterized by high level of explicitness and the 
function of the text is referential with an educational purpose. 
2.2 Mapping the Metaphors in the Corpus 
In this chapter, I will turn my attention to the metaphors, which were found by the analysis. 
These metaphors will be presented in three categories, according to their function in text. 
First, there is the category of metaphors that are used to talk about science generally 
(describing scientific processes and procedures, presenting data, etc.); this group is titled as 
Research-oriented metaphors. The second category consists of metaphors describing 
the subject matter, in this case, transistors and the electrical phenomena closely related to 
them, titled Topic-oriented metaphors. The last group describes metaphors oriented on 
both research and topic and for this reason cannot be sorted into any of the previous two 
categories. This category is titled the Metaphors combining research and topic orientation. 
This division was partially inspired by the division Thetela uses in her writing (1997). In 
spite of the fact that these categories are not completely coherent or clear-cut, they seem as 
a suitable instrument for classification of the analysis findings. The metaphors within each 
category are ordered according to the conceptual metaphors in the form of A IS B, for 
which the upper case is reserved. However, in isolated cases, it was convenient to order the 
metaphors according to the source domain instead of the conceptual metaphor. Citations 
from the analyzed corpus, presented as examples of a particular use of a metaphor are 
indented, in italics and numbered. The content of round brackets at the end of each 
example indicates which of the genres under analysis the example is taken from – Popular 
News for popularization news articles, Video Tutorial for online video tutorials, Textbook 
for textbook, Research Article for scientific research article. Sometimes the form of 
conceptual metaphors and phrases instantiating the metaphor are borrowed from 
the Master Metaphor List (Lakoff, Espenson, & Schwartz, 1991) and referred to as MML. 
Some of the examples contain square brackets, which I added, including an unarticulated 
subject or another piece of information required for full understanding of the example. 
12 
 
2.2.a Research-oriented metaphors 
This category deals with the metaphors whose function is to describe the research itself. 
Usually, these metaphors refer to studies, areas of interest, evidence, results and research 
processes, generally, the entities directly related to the research and its purpose. 
To begin with, the conceptual metaphor UNDERSTANDING IS SEEING will be examined. It is 
a complex metaphorical concept described by Goatly (1997, p. 54 - 55), which explains the 
reason why we talk about understanding, the target domain, in terms of seeing, the source 
domain. In the following examples trying to understand is conceived of as looking: 
[1] But if we look carefully we can see why this revolutionized the world: We've 
created a signal amplifier. (Video Tutorial) 
[2] ... the observed changes in source-drain output currents, therefore, corresponded 
to these external loads without any change of the material properties. (Research 
Article) 
[3] In Figure below we take a closer look at the current amplification mechanism. 
(Textbook) 
[4] Furthermore, Darlinski et al. have shown that organic thin-film transistors are 
inherently sensitive to applied pressure. (Research Article) 
The next set of examples illustrates that something which is easy to understand is clear and 
vice versa, something which is difficult to understand is unclear. 
[5]  Now, even though that top layer is very thin I've exaggerated it here to make the 
operation of the transistor clear. (Video Tutorial) 
[6] Whether phosphorene can compete with silicon has yet to be seen, particularly as 
it is unclear how to reliably produce the larger sheets that would be required for 
applications. (Popular News) 
According to the conceptual metaphor THEORIES ARE BUILDINGS, described by Lakoff and 
Johnson (1980, p. 47), theories are structured in terms of buildings. In this respect, theories 
can metaphorically have good foundations or they can be firm or shaky. This is shown in 
sentences such as: Is that the foundation for your theory? The theory will stand on the 
strength of that argument. So far we have put together only the framework of the theory. 
Such metaphors put abstract entities into clearer boundaries or shapes. Charteris-Black 
(2004, p. 96) notes that “[b]uilding metaphors are, typically, examples of reification,”. 
Reification is a language phenomenon, which denotes regarding something abstract as a 
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material thing or structuring of abstract entities, which tend to be metaphorically seen as 
concrete objects that have positions in space relative to each other (Goatly, 1997, p. 46-50). 
The following examples from the analyzed corpus represent instances of the THEORIES ARE 
BUILDINGS metaphor. 
[7] Basic understanding of atomic activity is necessary to understand the operation 
and application of semiconductor devices in electronic circuits. (Video Tutorial) 
[8] ... highly selective biological recognition elements, such as enzymes, which can 
form the basis for effective sensors. (Research Article) 
Theories are not described only in terms of buildings, there are different source domains 
that facilitate structuring theories as abstract entities. The fact that theories appear in 
a number of different metaphors does not mean that the metaphors are incoherent, i.e. 
contradictory or not fitting together (Lakoff & Johnson, 1980, p. 41-46). They can simply 
highlight different aspects that are common to both, the source and target domains. One of 
the other source domains describing theories is also the concept of plants, resulting in the 
conceptual metaphor THEORIES ARE PLANTS demonstrated in the sentence Boolean logic is 
a branch of math (one of many branches). The lexical unit branch has a more basic 
meaning: part of a tree, for that reason, the expression is marked as metaphorical, even 
though it is rather conventional since the actual contextual meaning (part of study field) 
can be found in a dictionary. The next example shows the metaphor in practice. 
[9] Boolean logic, [...], refers to a branch of math in which variables can have a true 
or false value (a 1 or a 0). (Popular News) 
Another conceptual metaphor that is often used when talking about theories is FACTS ARE 
POINTS. It seems that visualizing facts as points serves to highlight that facts are separate 
and clear-cut units. 
[10] The second point to make is that the base current may control 99% of the emitter 
current... (Textbook) 
Another significant conceptual metaphor is PROCESS IS A JOURNEY, which is remarkably 
widespread in its various instantiations. Its alternative definition by Lakoff (1993) is more 
specific: PURPOSEFUL ACTIVITY IS A JOURNEY ALONG A PATH TOWARDS A DESTINATION. The 
source domain of this metaphor is journey or path, the target domain is process or 
purposeful activity. Typical instantiations expressing comparison of how far along the path 
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someone has gone in contrast to others include: They are far beyond us in technological 
achievements. He surpassed his teacher. He is way ahead of the rest of us. We have fallen 
behind the Soviet Union in space exploration (MML). The use of this conceptual metaphor 
is very wide and frequent. This statement appears to be supported by the fact that many 
authors mention the metaphor in their writings. Goatly (1997, p. 44), for instance, 
describes the same concept in slightly different words as DEVELOPMENT/SUCCESS IS 
MOVEMENT FORWARD. Example [11] shows how the discourse marker furthermore 
expresses a tendency to move forward within research argumentation towards a goal at the 
end of the journey, whereas the word drawback expresses a prevention of or obstacle to 
moving forward and thus also prevention of success or development. 
[11] Furthermore, the drawbacks of organic semiconductors, [...], for example, are less 
crucial to many sensing applications, in which taking tens or even hundreds of 
seconds to generate a detection result is quite acceptable. (Research Article) 
Other research-oriented expressions of the metaphor, [12] and [13], embody distance 
already covered on the journey, or successive character of a procedure as a path (example 
[14]). 
[12] It seems we've gone to great lengths to just make a tiny current flow - I mean the 
current flow on the right isn't too much bigger than on the left. (Video Tutorial) 
[13] One of the disadvantages of most of the OTFT-based enzymatic glucose sensors 
reported so far in the body of literature is their relatively slow response speed,... 
(Research Article) 
[14] Also included is a short discussion of some publications reporting enzymatic 
sensors, which, [...], use processing steps or fabrication methods compatible with 
OTFT-based designs and... (Research Article) 
It can be observed that the process in the following example (replacing silicon by 
graphene) can subsequently lead to another process (producing much faster computers) in 
the same manner as paths do. This is explained by the conceptual metaphor PROCESS IS 
A JOURNEY. 
[15] So the hope is that graphene chips could eventually replace silicon, leading to 
much faster computers. (Popular News) 
The following example shows an expression of the conceptual metaphor PROCESS IS 
A JOURNEY as an instance of what Lakoff and Johnson have called orientational metaphors 
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(1980, p. 42-45). These are based on the real world experience of spatial orientation and 
the physical environment. They claim that time in the human perception acquired 
a front-back orientation, so that the future is in the front while the history is at the back. 
Example [16] expresses this front-back orientation and since the action is expressed by the 
verb go, it still belongs to the metaphors using journey as the source domain. 
[16] The detection of glucose using GOx has long been used as a model detection 
system and has been included in biosensor studies going back to the 1960s. 
(Research Article) 
The next conceptual metaphor COMPETITION IS A RACE relates to the conceptual metaphor 
DEVELOPMENT/SUCCESS IS MOVEMENT FORWARD, because the latter infers that to develop 
or to be more successful than others is to move ahead of them as in a race. This concept is 
used to talk about competition amongst people (e.g. elections) or products (e.g. the arms 
race). Examples [17-19] illustrate how this metaphor was used throughout one of 
the popular science articles, starting directly in the article heading: 
[17]  Magnets join race to replace transistors in computers. (Popular News) 
In this particular example, the metaphor usage seems to be slightly less conventional than 
in most of the research-oriented metaphorical expressions, as it allows the reader to picture 
magnet, a non-living object to be running in a race, which also involves personification. 
The conceptual metaphor is later repeated and extended in the article body, which is an 
example of the repetition and recurrence patterns: 
[18] It’s yet another technology joining the race to replace silicon. (Popular News) 
[19] Building them [nanomagnets] in 3D is critical if they are to rival the density of 
transistor-based designs. (Popular News) 
Related to the concept of journeys also is the conceptual metaphor MANNER IS A PATH/WAY. 
It represents a strongly lexicalized metaphor, because when the meaning of the word 
“way” is searched in a dictionary, the first entry is manner (Lingea Lexicon). Nonetheless, 
the original basic meaning of “way” was “road or path”, according to the etymology 
dictionary OED. Only later has the word acquired the meaning “manner in which 
something occurs”. The source domain of paths/ways is easier to visualize as it is based on 
physical experience with the world, different ways you can take at an intersection while the 
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target domain of manners or options one can choose is rather abstract. Several instances of 
this metaphor follow: 
[20] But more importantly unlike metals semiconductors have two different ways to 
conduct electricity - effectively negative and positive charge carriers. (Video 
Tutorial) 
[21] In terms of biosensors, encapsulation by CNTs has been shown as an effective way 
to immobilise bio-recognition elements. (Research Article) 
The conceptual metaphor DIFFERENCE IS A DISTANCE resembles the previous concepts with 
respect to the source domain – journeys, movement forward, paths and distances are 
semantically related. 
[22] In fact, it is far easier to build a pair of back-to-back diodes. (Textbook) 
[23] However, integrated PNP transistors are not nearly as good as the NPN variety 
within the same integrated circuit die. (Textbook) 
The conceptual metaphor SOLUTION/THE MOST IMPORTANT THING IS A KEY is often used to 
stress a piece of information or highlight what is important in research or scientific 
process. Lakoff, Espenson and Schwartz (1991) defined the metaphor alternatively as 
A PROBLEM IS A LOCKED CONTAINER FOR ITS SOLUTION, or even more specifically as 
MEANS TO SOLVING IS MEANS TO OPENING. The metaphor is used frequently in the genres 
under analysis, with the exception of the research article, as their purposes are didactic or 
explanatory, in this way stressing the most important things. The metaphor usage is 
illustrated below: 
[24] The key lies in this chunk of semi-conducting germanium. (Video Tutorial) 
[25] Transcriptors are the key component behind amplifying genetic logic. (Popular 
News) 
The conceptual metaphor ATTENTION IS RESOURCE highlights that attention can vary in 
amount and it can be given or received as illustrated by the following examples. 
[26]  ... such as those [sensors] detecting pH, humidity or certain ionic species, 
which have been given the most attention in some recent review articles on 
organic transistor-based sensors as a whole. (Research Article) 
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[27] The first section focusses on those sensors detecting glucose enzymatically using 
glucose oxidase (GOx), since this system has had much attention in 
the development of new methods and platforms for biosensing. (Research Article) 
To talk about deadlines or requirements, academic language uses the conceptual metaphor 
NEEDS OR REQUIREMENTS ARE PEOPLE in the phrases I have failed to meet an important 
deadline. The verb to meet requires two agents and implies active movement of both these 
agents. The metaphor is based on likening of the need or requirement to human, thus, the 
conceptual metaphor follows a more general concept object is human. When a need or 
requirement is one of the agents, however, its character is immobile and inconsistent with 
the implication of the verb to meet. This immobility must be therefore compensated by 
efforts of the other agent to meet it. The sentence below exemplifies the metaphor.  
[28] These contradicting requirements are met by doping the collector more heavily at 
the metallic contact area. 
The section of research-oriented metaphors will be closed by a group of metaphors using 
container as the source domain. It would be inconvenient to define a single conceptual 
metaphor in the form of A is B, because the target domains are various to a great degree. 
The container metaphor expressions concerning areas or fields of research are quite 
frequently used in the examined texts, especially in the research article. The purpose of the 
research-oriented metaphors in examples [29] and [30] is defining areas of interest, or 
orienting reader by mentioning what is the subject of the text. These expressions are 
located predominantly in the introductory paragraphs of the texts under analysis. 
[29] ... for the authors feel these three types of sensor are the least explored by other 
reviews in this highly dynamic field. (Research Article) 
[30] We're in the subject of semiconductor technology and we're going to begin by 
looking at basic atomic theory. (Video Tutorial) 
Metaphors that belong to this group are for instance IDEAS ARE CONTAINERS and 
(BOUNDED) TIME IS A CONTAINER, e.g. in several years/days/hours. The container 
metaphors, described by Lakoff and Johnson (1980, p. 30-32), liken abstract entities (days, 
ideas) to a more concrete and more perceptible source domain of containers, physically 
restricted areas, which can interact with other objects. The container metaphors, as well as 
the THEORIES ARE BUILDINGS metaphor, are an example of reification (structuring of 
abstract entities as concrete object). Several expressions typical of the container metaphors 
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and reification include: looking into a topic, a field known as inactivity research, occupy a 
part of day, field of business/study/research, and visual field. They are often manifested by 
usage of the preposition “in”. These lexicalized metaphors are globally used and high 
frequency of their occurrence proves their significance. It may be difficult to recognize 
them unless one is aware of them or looking for them on purpose. 
Another example of reification in the video tutorial text is observable in the following 
sentence, where the discussion is being described as an object that can be manipulated with 
– narrowed or widened. 
[31] We will restrict our discussion to classes of material according to electrical 
conductivity. (Video Tutorial) 
The following set of examples belongs to the conceptual metaphor UNITS OF TIME ARE 
CONTAINERS, they are used to conceptualize bounded units of time as containers. 
[32] Organic thin-film transistors (OTFTs) have been the subject of much attention in 
the scientific research community in recent decades. (Research Article) 
[33] When I looked up its properties on Wikipedia, within about 30 minutes I knew that 
it had potential. (Popular News) 
The collection of research-oriented metaphors extracted from the analyzed corpus showed 
that each of the genres under investigation employs metaphors to describe the research 
itself. The metaphors structuring the concept of theories, which exploited the phenomenon 
of reification, together with metaphors using journeys and containers as the source domain 
constituted a significant portion of the metaphorical occurrences. 
2.2.b Topic-oriented metaphors 
This category focuses on metaphors describing the world, the area under investigation 
rather than the investigation itself. The corpus of texts for the analysis was collected 
carefully so that the texts would share this area under investigation (topic), namely 
transistors. 
Almost all texts concerning electrical engineering are interspersed with a highly 
conventionalized metaphor ELECTRICITY IS A LIQUID. It is a scientific metaphor that has 
been successfully integrated into the professional language in electrical engineering. It 
describes electricity, the target domain, in terms of liquids, the source domain, highlighting 
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the common characteristics of both domains such as amorphism and its behaviour - that it 
typically flows in a certain direction or accumulates in a place when there is nowhere else 
to flow. The metaphor poses a basic concept people use to understand electricity because 
electricity is not completely tangible or visible, it is rather abstract, which seems to be the 
reason for imagining electricity as being a liquid, a substance people are completely 
familiar with. From the lexicological point of view, this metaphor gave life to many terms 
regarding electricity. Electricity is defined as a flow of electrons, represented by the 
physical quantity called electric current, another quantity is called electric flux, the verbs 
collocated with current such as run, conduct (plus its derivatives), reflecting the character 
of going from one place to another, or drain, which implies a liquid substance as well as 
the adjective leakage current. These terms demonstrate the fact that metaphors can have a 
wide range of forms and can manifest themselves in various ways and expressions. This 
metaphorical concept influences the way we talk and even think about electricity. The 
metaphor is an instance of theory-constitutive metaphors, the ones that have been 
employed to construct theories and coin new terms in a field of science. The following 
lines are devoted to all the various forms of ELECTRICITY IS A LIQUID metaphor that were 
found in the texts under investigation: 
The noun conduct and its variations including adjectives and verbs are used in each of 
the four genres. Example [34] illustrates its use in sentence: 
[34] The region beyond the valence band is called the conduction band. (Video Tutorial) 
The word flow either as a verb or noun was also present in each genre: 
[35] Under these conditions the transistor acts as a barrier that prevents current from 
flowing. (Video Tutorial) 
The noun current, same as the expressions above was found in all genres, predominantly in 
the form of a noun and less often as a modifier. Example [36] represents how the verb to 
run collocates with current and example [37] shows the collocation leakage current, which 
evokes mental projection of liquid: 
[36] Flipping poles takes less energy than running current through a wire, so they need 
less power to run. (Popular News) 
[37] There is no current flow, except leakage current, in the collector circuit. (Textbook) 
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Another connotation of liquid is provided by the next example in the word drain, 
a technical term describing one terminal of a transistor. 
[38] This NTFET-based device utilizes CRP antibodies by immobilizing them on the 
surface of the CNT joining the source and drain electrodes,... (Research Article) 
The conceptual metaphor ELECTRICITY IS A LIQUID accounts for many more expressions, 
including the technical term gate, which denotes a specific part of a transistor. 
The etymology dictionary OED lists many meanings in the development of the word 
mainly in the sense of “opening” or “entrance”. Several figurative meanings are 
mentioned, but the technical one concerning transistors is absent in OED as well as in the 
Macmillan dictionary, whereas Lingea Lexicon dictionary lists the technical meaning of 
gate as “a computer circuit with several inputs but only one output that can be activated by 
particular combinations of inputs”. Gate, as the name of one terminal of a transistor, 
corresponds to the metaphor ELECTRICITY IS A LIQUID, since it evokes the image of current 
using the gate as an entry, entering a space and running forth. The occurrence of the term 
in the corpus is exemplified below: 
[39] The team made a logic gate, one of the essential building blocks of a computer, from 
stacked arrays of nanomagnets. (Popular News) 
Another interesting variation of the figurative term gate is the “floating gate”, which is 
a specific kind of gate terminal that is not firmly connected to an electric source (in other 
words, it is electrically isolated), as it were, freely movable in its environment. The word 
floating, again, evokes a liquid environment: 
[40] Lai and co-workers reported the use of a PDMS capacitive sensor and a floating 
gate, showing that it is also feasible to fabricate a pressure sensor for artificial skin. 
(Research Article) 
The term channel is also an instantiation of the ELECTRICITY IS A LIQUID metaphor. 
Channel is a specific part of a transistor that can conduct electric current between 
the terminals drain and source. According to the OED etymology dictionary, the original 
meaning of the noun channel was “bed of running water” and the figurative sense in 
technical topics (information, commerce, telecommunication etc.) started to appear later. 
With respect to the origin of the word and its present technical meaning, it still implies 
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leading a liquid substance from one place to another. The usage of channel can be seen 
below: 
[41] The sensing signal is triggered by the electrical change in the channel and 
magnified by the V G modulation. (Research Article) 
That same property of being able to conduct current is what motivated the term lead. 
The word lead denotes a piece of metal leading current. The following examples illustrate 
its use: 
[42] If the base region were thick, as in a pair of back-to-back diodes, all the current 
entering the base would flow out the base lead. (Textbook) 
Similarly, the basic meaning of the noun well is a deep hole or shaft drilled to obtain water, 
while it is also a technical term describing “a cavity or vessel used to contain liquid” 
(Lingea Lexicon), thus relating, again, to the ELECTRICITY IS A LIQUID metaphor.  
[43] ... PEDOT:PSS was the semiconducting layer of the transistors, and a “well” 
(constructed from polydimethylsiloxane (PDMS)) was formed above the channel of 
the devices to hold both the analyte solution and a platinum gate electrode, which 
was suspended in the analyte solution. (Research Article) 
It should also be mentioned that apart from the metaphorical understanding of electricity in 
terms of liquid, hydraulics is used as an analogy of electricity explicitly because it is 
considerably easier to visualize. In this sense electrical current is analogous to the flow of 
water, electrical wires are water pipes, voltage is analogous to pressure in a hydraulic 
system and electrical resistance to the drag on water flowing through a pipe. The basic 
electrical components have its analogous counterparts from the hydraulic system as well – 
resistors are analogous to a section of water pipe with restricted radius, capacitors can be 
compared to a storage water tanks and an inductor is analogous to a water wheel propelled 
by flowing water, while diodes, transistors, and operational amplifiers are compared to 
different types of valves. The main purpose of the analogy is the didactic function. It 
should make the electronic systems (the target domain) easier to understand. That is why 
the analogy appears in the textbook and popular news texts, the genres that are aimed at 
educating and informing the reader in a clear way (see 2.1.c Popular Scientific article 
texts). There are, of course, some flaws in the analogy, as an article titled Understanding 
Electricity with Hydraulics, published at the All About Circuits portal (Gamblin, 2015), 
argues, e.g. the fact, that flow rates of hydraulic system are much higher than in electrical 
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systems, or a contradictory character of valves and electrical components - the valve is 
opened when the water flows, while in electronic circuits, open means disconnected circuit 
and stopping the current flow. The latter flaw is presented in the following example, which 
quotes one of the science popularizing articles: 
[44] A pulse of voltage is supplied by a further electrode, “opening” the switch and 
allowing current to flow through the transistor. (Popular News) 
Note that the sentence can be understood only in terms of this hydraulic analogy, because 
otherwise it would make no sense. This is probably the reason why opened is in quotation 
marks, because in terms of electronic circuits opening does not allow current to flow. 
Example [45] is taken from one of the video tutorial texts and it assimilates the function of 
transistors to valves. The figurative nature is signalled by using of “as”: 
[45] It's best to first think of their device as two separate one-way current valves. (Video 
Tutorial) 
It can be seen that the purpose of this analogy is mainly explanatory and it is positively 
evaluated by the speaker in the phrase “it’s best to”. The function of this example 
corresponds to the didactic function of metaphor, as Semino describes it: “[t]he fact that 
metaphor allows us to think and talk about one domain of experience in terms of another 
can be exploited in order to help students understand new, unfamiliar phenomena in terms 
of phenomena they are familiar with” (2008, p. 148). The metaphorical comparison of the 
two concepts, electricity and water, plays an essential role in the electrical engineering 
discourse. It is not only very frequent but also indispensable as there is no other device 
used to talk about electricity than the conceptual metaphor electricity is a liquid. To 
illustrate the indispensability, we can try to express the following phrase “current is 
running through a wire” by using another verb than to run. It cannot be done unless 
sounding very unnaturally - we do not say that current is moving, transporting or going 
through a wire, the concept of electricity is simply understood in terms of liquid and the 
fact is reflected in the language. 
The PROCESS IS A JOURNEY metaphor was already described in the previous section of 
research-oriented metaphors, but because its use differs in particular instantiations it 
belongs also to the category of topic-oriented metaphors, as the following examples show. 
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[46] This electrolyte layer allows for ionic movement within it, and this leads to the 
build-up of charge at its interfaces and subsequent electrochemical reactions. 
(Research Article) 
[47] The three enzymes act on triglycerides in subsequent steps to liberate H2O2, which 
can be detected electrochemically,... (Research Article) 
The function of the above examples is to describe processes, which take place inside 
transistors [46] and enzymatic sensors [47]. The conceptual metaphor makes it possible to 
describe specific processes as if they were journeys, which lead to another process. 
Similarly to the journey metaphor, the metaphors using container as the source domain 
have been introduced above in the previous category. There is a specific conceptual 
metaphor belonging to the group and describing the topic of transistors, defined as  
ELECTRIC/MAGNETIC FIELD IS A CONTAINER. It is used to structure the notion of electric or 
magnetic field by fitting the invisible forces into clear boundaries of the concept field, as 
shown below: 
[48]  “You only need to generate a magnetic field across the chip,” says Eichwald. 
(Popular News) 
As well as in the case of the container metaphors, which were classified by the source 
domain, it is also convenient to group metaphors using people as the source domain. These 
metaphors employ different target domains ranging from machines, electrical components 
or their parts to electrons and insulators, generally, they are objects from the branch of 
electrical engineering that are described in terms of people. Let us examine the people 
metaphors gradually, according to what quality shared by people and objects from 
the branch of electrical engineering they emphasize. First of all, there is a set of metaphors, 
which implies that electrotechnical objects have their own will, authority or responsibility 
(e.g. to allow or refuse passage of electron flow). These metaphorical expressions highlight 
the human qualities of objects: 
[49] ... insulators which refuse to allow current to flow. (Video Tutorial) 
[50] ... data analysis suggests that pressure-induced variations in VG , threshold voltage 
and contact resistance are responsible for the current variations,... (Research 
Article) 
[51] This work demonstrated a much simpler way of making pressure sensors; however, 
the mechanism governing the sensitivity is yet to be understood. (Research Article) 
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[52] ... silicon is a semiconductor, meaning it can be made to conduct electricity – or 
block its flow. (Popular News) 
[53] The high concentration of emitter electrons forces many electrons to diffuse into the 
base. (Textbook) 
[54] The collector also needs to be heavily doped to minimize ohmic losses if the 
transistor must handle high current. (Textbook) 
The second set of metaphorical expressions conceives of electrotechnical objects as people 
who do different, typically human activities. 
[55] ... the positive charge carriers in the thin layer side are injected into or stolen by the 
right side [right side is a part of transistor]. (Video Tutorial) 
[56] Biosensors have enjoyed steady development since the earliest papers on the subject 
were published... (Research Article) 
[57] But magnets can do the same job by switching their pole orientation. (Popular 
News) 
The next set of metaphorical occurrences has a common target domain - electrons. It can 
be described by the conceptual metaphor ELECTRONS ARE PEOPLE:  
[58] ... however if a voltage is applied between base and emitter that is high enough, 
electrons overcome the resistance of the electric field and move into the base layer. 
(Video Tutorial) 
[59] ... but most electrons will not find a hole and are pulled towards the collector layer. 
(Video Tutorial) 
[60] Each valence electron of a silicon atom wants to connect with another valence 
electron of another silicon atom. (Video Tutorial) 
[61] These electrons face four possible fates entering the thin P-type base. (Textbook) 
Example [62] also shows the metaphor FREEDOM IS FREEDOM TO MOVE: 
[62] ... but if this electron here gains enough energy it can actually go into what we 
would call the conduction band and then it can become a free electron. (Video 
Tutorial) 
Example [63] can belong to this set only when flying around is understood figuratively as 
running or moving about freely, otherwise the metaphor would have to be redefined as 
ELECTRONS ARE LIVING CREATURES. The example is an apt illustration of how the genre of 
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video tutorials aims to make the topic attractive, easy to understand, almost painting a rosy 
picture of the topic and engaging the imagination of the hearer. 
[63] ... and here we have a nice little atom with electrons flying around. (Video Tutorial) 
Instantiations of ELECTRONS ARE PEOPLE metaphor in examples [64] and [65] stress 
the coming and going, entering and exiting of electrons/carriers. It is interesting to note 
that occurrences with this emphasis were found only in the textbook text, which is distinct 
by its tendency to employ mainly the didactic function of metaphor: 
[64] Also, few electrons entering the base flow directly through the base to the positive 
battery terminal. (Textbook) 
[65] In our NPN transistor example, electrons leaving the emitter for the base would 
combine with holes in the base, making room for more holes to be created at the (+) 
battery terminal on the base as electrons exit. (Textbook) 
Concerning the target domain of electrons, there is an interesting term based on 
metaphorical similarity. It is the term electron hole. Despite the fact that it is 
conventionally used in the scientific discourse, its technical meaning is not listed in either  
Macmillan or Lingea Lexicon dictionaries. Instead, they define the basic meaning of 
the word hole, which is “a hollow space in something solid, with an opening on one side”. 
The electron hole, in electrical engineering, is the image of a vacant spot inside a transistor, 
where an electron was located previously. Since there are no literal holes in a transistor the 
technical term electron hole it is a mere figurative description of the subject with the help 
of a more familiar concept. 
[66] Few electrons injected by the emitter into the base of an NPN transistor fall into 
holes. (Textbook) 
Returning to the metaphor ELECTROTECHNICAL OBJECTS ARE PEOPLE, which comprehends 
those objects as alive, it can be related to another metaphor occurring in the texts - 
EXISTENCE IS LIFE. Both of the mentioned metaphors imply that electrotechnical objects 
(e.g. transistors or its parts) live their lives and their manufacturing/termination is being 
described as birth/death: 
[67] Western Electric company manufactured these point-contact transistors in 1951, but 
they found it difficult to make them reliable, some even showing "sudden death". 
(Video Tutorial) 
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[68] When different doped layers are placed in contact with each other the basic 
structure of a transistors is born. (Video Tutorial) 
[69] From a manufacturing viewpoint these transistor have a fatal flaw: They are three 
dimensional. (Video Tutorial) 
The metaphorical expression in example [70] also assumes an object (silicone) is alive. 
The “tendency to self-destruct” refers to a corresponding metaphor instance mentioned in 
the previous context of the given article - a subheading titled “Suicidal silicene”. This 
example shows the pattern of recurrence when metaphorical expressions repeat and refer to 
each other. 
[70] You can’t just peel layers of it off a chunk of silicon – and it has a tendency to 
self-destruct. (Popular News) 
Another way to express the metaphor ELECTROTECHNICAL OBJECTS ARE PEOPLE is to refer 
to objects as if they had a human body: 
[71] That property lies at the heart of a transistor. (Video Tutorial) 
It can be noticed that example [71] also utilizes the conceptual metaphor THE CRUCIAL 
THING IS THE HEART. An interesting consequence of conceiving of objects as alive is 
the figurative description of a flaw or a negative characteristic of an object as a disease: 
[72] One advantage of EGOFETs is their low operating voltage; however, they can 
suffer from poor switching speeds, due to their reliance on electrochemical activity. 
(Research Article) 
Another consequence of the corresponding concept is the usage of quite unconventional 
terms “electronic nose/skin”. These belong to the branch of electronic sensing, a modern 
branch of automated engineering with dynamic development. The terms can be viewed as 
theory-constitutive. They were coined in order to name a new reality and the name is based 
on the similarity of the entity to human senses. The expressions refer to the capability of 
electronic systems to reproduce human sensing, with electronic nose referring particularly 
to the ability of sensing odours and flavours and electronic skin referring to the ability of 
detecting pressure and force. 
[73] There have been significant advances in recent years in the development of OTFTs 
and OTFT-based arrays designed for use in artificial intelligence applications, such 
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as so-called “electronic skin” (e-skin) and “electronic nose” (e-nose). (Research 
Article) 
A different technical term resulting from the conception objects as alive creatures is 
the term “charge trap”. It denotes a process in which electrical particles get trapped in 
defects of the semiconductor material, as Dumé explains, “[w]hen electrons and holes 
become trapped, they can no longer travel through a material” (2015). The etymology 
dictionary OED defines trap as “a contrivance for catching unawares” with an assumed 
base of words meaning to run, walk or step. This is the evidence for conceiving of charge 
carriers as living creatures or animals, otherwise they could not walk or step into trap 
unawares. 
[74] However, the change takes of the order of seconds, hinting at charge trap states in 
the pentacene being responsible for the effect. (Research Article) 
One more example related to the source domain of creatures and animals is the following 
sentence, which describes the function of proteins in cells. The topic is still transistors, but 
in this case, it is organic transistors called transcriptors. 
[75] To make the transcriptors, the researchers took a group of natural proteins, the 
workhorses of cells, and used them to control how the enzyme known as RNA 
polymerase zipped along a DNA molecule. (Popular News) 
The metaphorical correlations of the source and the target domains in examples [73-75] 
show to what extent the understanding of electrical processes is based on the figurative 
mapping, which is typical for human understanding of abstract subjects. 
Usage of the term “to inject” in the context of semiconductors can be explained similarly. 
Its basic meaning, according to Lingea Lexicon, is to put a substance into body using a 
device with a needle called a syringe, which implies forcing a substance into body by 
piercing. The meaning in the electrical engineering discourse differs from the basic 
meaning because it describes a process of doping - forcing particles into a material, but not 
by piercing, rather by heating the material and adding the particles. There is no needle or a 
similar object involved in the process. The usage of inject can be explained by the fact that 
electrotechnical objects are understood as people with bodies. 
[76] A few majority carriers in the emitter, injected as minority carriers into the base, 
actually recombine. (Textbook) 
28 
 
Since it is possible to conceptualize electrotechnical objects as live beings, the conceptual 
metaphor LIFE IS A ROLEPLAY can be applied to these objects. Examples [77] and [78] show 
that individual parts of transistors can play different (key or unimportant) roles or act as 
something/someone. 
[77] Only the bottom gate architecture is feasible if the active layer materials must play 
these dual roles in the sensors. (Research Article) 
[78] A lone atom of phosphorus embedded in a sheet of silicon has been made to act as a 
transistor. (Popular News) 
Leaving the source domain of people and live beings, we can proceed to a different source 
domain used to describe electrotechnical objects, which is the domain of plants. As well as 
theories in the previous section of research-oriented metaphors, electrotechnical objects 
are also conceptualized according to more than one source domain. The metaphor 
ELECTROTECHNICAL OBJECTS ARE PLANTS reflects in this sentence: 
[79] Now, a team led by Irina Eichwald at the Technical University of Munich in 
Germany has worked out how to grow a chip with number-crunching layers 100 
nanomagnets deep. (Popular News) 
Proceeding to completely different domains, the next conceptual metaphor PROCESS IS 
MAGIC occurs in the texts less frequently in comparison with most of the metaphors under 
analysis. The source domain is magic, which is used to describe a seemingly unexplainable 
process. It can be observed in the examples [80] and [81] that within the topic of transistors 
this process represents the desired function of a device.  
[80] But how does this klutzy looking contraption work its magic? (Video Tutorial) 
[81] This magic, the diffusion of 99% of the emitter carriers through the base, is only 
possible if the base is very thin. (Textbook) 
Another significant metaphor, which was introduced and described as orientational by 
Lakoff and Johnson is the conceptual metaphors MORE IS UP, DOWN IS LESS (1980, p. 15). 
The metaphor can be further specified as AMOUNT/NUMBER IS A VERTICAL SCALE, as in 
The number of students went up or The teacher decreased the number of assignments. 
Examples [82-84] show that the electrotechnical discourse uses the metaphor to describe 
various, often measurable quantities. 
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[82] When ambient light decreases the resistance of the photo-resistor increases which 
means that eventually the voltage rises to a level that allows a flow of current across 
the base-emitter junction. (Video Tutorial) 
[83] In addition, the low-cost fabrication possibilities of organic electronic materials 
increase their practicality in throw-away applications in which sensors may be 
desired to be used. (Research Article) 
[84] If the base voltage falls below approximately 0.6 V for a silicon transistor, the large 
emitter-collector current ceases to flow. (Textbook) 
The genre of textbook uses another conceptual metaphor to describe electrotechnical 
objects, namely SEMICONDUCTORS ARE FOOD. Based on shape or structure similarity, these 
expressions are often used in the specialist discourse focused on transistors. 
[85] The semiconductor sandwich allows electricity to flow. (Textbook) 
[86] The BJT die, a piece of a sliced and diced semiconductor wafer, is mounted 
collector down to a metal case for power transistors. (Textbook) 
Apart from these food expressions, shape similarity plays a key role in another 
metaphorical term - a nanoribbon. The word nanoribbon describes a remarkably specific 
target domain – thin strips of an organic electronic material called polypyrrole (PPy). 
The term must have been coined on the basis of similarity of these strips to a common and 
familiar decorative object, a ribbon. 
[87] Another recent report on an organic biosensor using antibodies as the recognition 
element published by  Chartuprayoon  et  al.  employed  very  thin  strips  (so-called  
“nanoribbons”)  of  PPy  as  a semiconductor layer. (Research Article) 
The next conceptual metaphor is defined as AN ATOM IS A TINY SOLAR SYSTEM WITH THE 
NUCLEUS AT THE CENTER AND ELECTRONS WHIRLING AROUND IT. The metaphor was 
described by Lakoff and Johnson (1980, p. 166) and it poses a typical scientific concept, 
which is conventionally used to explain the atomic theory. 
[88] What we'll find is that the electrons are orbiting the nucleus and the farther they are 
from the center the higher their energy level. (Video Tutorial) 
The last two examples of topic-oriented metaphors belong to rather general concepts. 
Metaphorical occurrences of the word power-hungry point to the first one - NEED IS 
HUNGER. The meaning of the word power-hungry differs, according to what it describes, 
30 
 
whether people or electrical devices. When talking about people, the meaning is related to 
a negative desire for power, which consequently results in the negative connotation of 
a device being power-hungry as if it were greedy for electrical energy the way people can 
be greedy for power. Other instances of the metaphor include the adjectives profit-hungry 
or land-hungry. 
[89] Microchips made from tiny magnets rather than conventional power-hungry 
transistors may enable intensive number-crunching tasks like codebreaking or 
image-processing using a fraction of the power. (Popular News) 
The other general concept is PROCESSING IS DEFORMING, which is specifically used to 
describe the activity of data or number processing in the types of texts that deal with 
machines capable of these processes. The metaphor is manifested in example [90], which 
also includes a different metaphorical expression connected to the MEANS TO SOLVING IS 
MEANS TO OPENING metaphor. 
[90] Microchips made from tiny magnets rather than conventional power-hungry 
transistors may enable intensive number-crunching tasks like codebreaking or 
image-processing using a fraction of the power. (Popular News) 
Compared to the research-oriented metaphors, this category (topic-oriented) included a 
larger number of conceptual metaphors, which is also shown in the number of examples. 
These metaphors were more interconnected and thus more difficult to classify 
systematically. The most significant concepts were the ELECTRICITY IS A LIQUID and, 
naturally, the metaphors describing electrotechnical objects (the topic), in terms of living 
beings. 
2.2.c Metaphors combining research and topic orientation 
The last and narrowest group describes metaphors oriented on both research and topic. 
The first conceptual metaphor belonging to the category is DIFFICULTY IS HARDNESS OF 
OBJECT (MML). This is a globally used concept. The phrase “that is a hard problem” is its 
typical manifestation. The example from the corpus refers to a difficulty in manufacturing 
a semiconductor material silicene. 
[91] But it is harder to make than phosphorene or graphene. (Popular News) 
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The next, also globally used, metaphor is RESEMBLANCE IS A BURDEN. In example [92], the 
verb to bear, which collocates with burden, is used to describe the concept of resemblance. 
The concept of burden is generally perceived as rather negative, whereas the phrase to 
bear resemblance seems to be neutral. 
[92] Brattain fabricated a germanium point contact transistor, bearing some 
resemblance to a point contact diode. (Textbook) 
The last conceptual metaphor can be defined as AMOUNT IS A PHYSICAL PROPERTY, more 
specifically AMOUNT IS WEIGHT (MML). The reason we understand this metaphor is that 
our conceptual system is based on the real world experiences. Since a referent that is of 
large amount usually weighs more than a small amount of the same referent, the language 
that is used to discuss entities indescribable by weight adopted this expression as well (e.g. 
heavy drinker, heavy heart, heavy losses, heavy traffic, heavy fine). 
[93] Note that the BJT in Figure above(a) has heavy doping in the emitter as indicated by 
the N+ notation. (Textbook) 
[94] The collector is lightly doped as indicated by the N- notation. (Textbook) 
The category of metaphors combining research and topic orientation included the kind of 
metaphors that are defined by quite lexicalized concepts. 
Chapter Three: Discussion and Conclusion 
To be able to answer the research questions stated in the introduction, it was necessary to 
extract the metaphorical expressions from the chosen corpus of text. This was done by the 
MIP and the expressions were classified into three categories: research-oriented metaphors, 
topic-oriented metaphors, and metaphors combining research and topic orientation. The 
metaphorical expressions in these categories were further classified according to the 
conceptual metaphors they express. The character and function of the metaphorical 
expressions are discussed below. Generally, the analysis of the chosen corpus showed 
evidence that metaphors were present in each of the text units under investigation. Also, it 
has confirmed Goatly‟s claim that metaphor “is not something that can be easily confined, 
but is an indispensable basis of language and thought” (1997, p. 1). 
Regarding the first research question, the character of the metaphors used in the chosen 
corpus of texts appeared to be mostly conventional. The findings suggest a general 
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observation that research-oriented metaphors tend to be rather conventional 
(UNDERSTANDING IS SEEING, THEORIES ARE PLANTS or PROCESS IS A JOURNEY), but there are 
exceptions (magnets join race), whereas topic-oriented metaphors provide slightly larger 
space for creativity, especially metaphors with didactic and explanatory purposes, or 
theory constitutive metaphors. The expressions such as magnets do the same job, electrons 
face four possible fates, or transistors showing sudden death represent the most creative 
topic-oriented metaphors in the corpus under analysis. A   significant   part of the 
topic-oriented metaphors,  however,  comprised  expressions that were adopted as technical 
terms by the scientific community and became lexicalized (e.g. current, a lead, electron 
hole, to inject, semiconductor sandwich). As these expressions were being repeatedly used, 
their metaphoricity was gradually weakened and they simultaneously acquired specialized 
meanings in specialist discourses. It seems that expressions like electronic nose/skin or 
nanoribbon, which were marked by quotation marks in the text and have not reached 
conventionality yet, may also undergo this process in the future.  
Some of the most important conceptual metaphors observed were, first of all, the 
ELECTRICITY IS A LIQUID metaphor, which was special by its extreme frequency and variety 
of the expressions reflecting it, followed by the ELECTROTECHNICAL OBJECTS ARE PEOPLE, 
and PROCESS IS A JOURNEY metaphors together with metaphors using container as the 
source domain, which also featured a wide range of metaphorical instantiations. It was 
found that the conceptual metaphors often overlap and share either the source or target 
domain (e.g. chain of the conceptual metaphors THEORIES ARE BUILDINGS, THEORIES ARE 
PLANTS, OBJECTS ARE PLANTS, OBJECTS ARE PEOPLE), as a result, it was a difficult task to 
classify and describe them systematically. 
With respect to the different functions of the metaphors, they were divided into the three 
categories. The research-oriented metaphors described the investigation itself, the 
topic-oriented ones described the topic under investigation, and the last category of 
metaphors combined both research and topic orientation. In spite of the fact that these 
categories were not completely clear-cut, they seem as a suitable instrument for 
classification of the findings. The research-oriented metaphors were distinct by their use of 
reification. Based on the findings of the analysis, it is possible to distinguish the functions 
of the separate genres. 
The main functions of the topic-oriented metaphors in online tutorials and textbooks are to 
make the topic clearer, more comprehensible, and easier to visualize or remember, which 
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confirms the view Semino offers on the didactic function of metaphor (2008). The goal of 
such metaphors, including ELECTRICITY IS A LIQUID, ELECTROTECHNICAL OBJECTS ARE 
PEOPLE or the hydraulics analogy, is to help the addressee understand an unfamiliar domain 
in terms of a more familiar domain. Unlike textbooks, the online tutorials provide a larger 
space for creativity (as well as to imprecision) since their authors are not subjected to any 
kind of checking (except for the hearers‟ comments). It could be also claimed that another 
goal of video tutorials, though rather implicit, might be to make the subject matter seem 
very easy, joyful and simple (sometimes almost like a fairytale). This can be supported by 
illustrative phrases from the video tutorial texts: if this electron here gains enough energy 
it can actually go into what we would call the conduction band and then it can become a 
free electron or and here we have a nice little atom with electrons flying around. 
The function of the topic-oriented metaphors appearing in the research article confirmed 
Semino‟s observation on scientific metaphors: “they simplify complex issues, make 
invisible processes accessible, and help to provide convincing accounts of particular 
phenomena” (2008, p. 130). The genre of popularization news articles used the 
topic-oriented metaphors for the purposes of education and explanation. The genre also 
employed metaphors in the effort to present science by stirring up emotion and imagination 
in the similar way that catastrophes, murders, or dramas do (de Semir, 2000). This can 
illustrated by phrases including suicidal silicene and its tendency to self-destruct, 
power-hungry transistors, and number-crunching tasks. It was shown that the category of 
topic-oriented metaphors was far more interesting from the point of view of various 
functions they can fulfill, compared to the research-oriented ones. 
All things considered, the limitations and possible further research should also be 
discussed. The focus of the present thesis was to examine metaphors in selected texts of 
different genres taking the qualitative approach. It is, however, important to mention the 
shortcomings of the qualitative analysis that was performed. Because of the restricted size 
of the corpus the observations and generalizations (e.g. determining the status of 
conventionality) made on its basis could prove to be arbitrary. To produce more valuable 
and trustworthy inferences a study based on corpus linguistics would have to be performed 
- a survey that would compare the frequency of metaphor use in a larger corpus of texts. 
The present study focused on the functions that metaphors fulfilled in the texts, however, 
these functions may also  be fulfilled by other means, e.g. different kinds of figurative 
language (similes, synecdoche) or extralinguistic means, which were beyond the scope of 
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the thesis. Some of these problems could be dealt with by a study aimed at figurative 
language as a whole. The last shortcoming in the analysis is the fact that the MIP depends 
on the capabilities of the analyst to read texts carefully and extract metaphorical 
expressions. Conventional metaphorical expressions can be, however, difficult to notice, 
which results in their potential overlooking. This human factor issue could be overcome 
through a collective study. 
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Appendix 
A. Primary Sources 
The table provides the citations of all the corpus texts with overview of their number of words. 
text unit:      citation: words: 
Video 
tutorial 1 
 
Hammack, W. S. (2010). How the first transistor worked [Online]. 
In EngineerGuy.com. Retrieved from 
http://www.engineerguy.com/videos/video-transistor-point-contact.htm 
877 
Video 
tutorial 2 
 
Fiegenbaum, T. Semiconductor Technology [Online]. In All About Circuits. 
North Seattle Community College. Retrieved from 
http://www.allaboutcircuits.com/video-lectures/basic-atomic-theory-
semiconductor-technology/ 
427 
Video 
tutorial 3 
Schwenke, T. How Bipolar Transistors Work [Online]. In Bring Knowledge to 
the World. Retrieved from http://www.bring-knowledge-to-the-
world.com/#prettyPhoto/18/ 
617 
Research 
Article 
Elkington, D., Cooling, N., Belcher, W., Dastoor, P., & Zhou, X. (2014). 
Organic Thin-Film Transistor (OTFT)-Based Sensors 
[Online]. Electronics, 3(2), 234-254. http://doi.org/10.3390/electronics3020234 
7000 
Popular 
Scientific 
article 1 
Fellet, M. (2012). Single atom transistor gets precise position on chip 
[Online]. New Scientist. Retrieved from 
https://www.newscientist.com/article/dn21494-single-atom-transistor-gets-
precise-position-on-chip/ 
523 
Popular 
Scientific 
article 2 
Marks, P. (2014). Magnets join race to replace transistors in computers 
[Online]. New Scientist. Retrieved from 
https://www.newscientist.com/article/mg22329812-800-magnets-join-race-to-
replace-transistors-in-computers/ 
309 
Popular 
Scientific 
article 3 
Barras, C. (2014). Graphene rival „phosphorene‟ is born to be a transistor 
[Online]. New Scientist. Retrieved from 
https://www.newscientist.com/article/dn24939-graphene-rival-phosphorene-is-
born-to-be-a-transistor/ 
557 
Popular 
Scientific 
article 4 
Lewis, T. (2013). Digital Evolution: DNA May Bring Computers to Life 
[Online]. Live Science. Retrieved from http://www.livescience.com/28273-
biological-computers-possible-using-dna.html  
513 
Textbook 
Bipolar Junction Transistors: Chapter 2 - Solid-state Device Theory 
[Online]. All About Circuits. Retrieved from 
http://www.allaboutcircuits.com/textbook/semiconductors/chpt-2/bipolar-
junction-transistors/ 
1882 
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B. Corpus Samples 
B.1. Video Tutorial sample: Semiconductor Technology 
Chapter eight. We're in the subject of semiconductor technology. and we're going to begin by looking at basic 
atomic theory. and here we have a nice little atom with electrons flying around. Basic understanding of 
atomic activity is necessary to understand the operation and application of semiconductor devices in 
electronic circuits. Semiconductor devices such as transistors and diodes form the basis of nearly all modern 
electronic systems. and as we look at microprocessors and operational amplifiers these are all devices that are 
built from these things that we call a semiconductor devices. Classification of materials. Materials can be 
classified in many ways. One way of classification is into solid, liquid, or gaseous states. The materials in 
this section are all classed as solid-state. One method of classification include electrical conductivity, color, 
density, hardness, resiliency, composition, and so on. We will restrict our discussion to classes of material 
according to electrical conductivity. So those are the types of materials that we will be looking at, and 
specifically they are insulators, conductors, semiconductors and superconductors. Okay review of basic 
atomic model. Atoms are comprised of electrons, neutrons, and protons. And so the neutrons and protons are 
in this area, and then the electrons are orbiting the nucleus. Electrons are found orbiting the nucleus of an 
atom at specific intervals based upon their energy levels. What we'll find is that the electrons are orbiting the 
nucleus and the farther they are from the center the higher their energy level. And the electron out here – and 
this is, this is - we're looking at a conductor right now and it only has one electron in the valence shell, and so 
the valence electron would have the highest energy. Okay, valence band electrons are the furthest from the 
nucleus and have the higher energy, higher lev, energy levels than electrons in the lower orbits. And here we 
see the, this is the surface of the nucleus right here, and then we see the varying energy levels. and the closer 
to the nucleus the lower the energy level and it goes up until we get out again to the valence electron. The 
region beyond the valence band is called the conduction band. Now, this would be the highest level of energy 
while we're still in the atom, but if this electron here gains enough energy it can actually go into what we 
would call the conduction band and then it can become a free electron. Electrons in conduction band are 
easily made to be free electrons. Okay, this concludes the introduction to semiconductors. 
B.2. Research Article sample 
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B.3. Popular News sample 
Graphene rival ‘phosphorene’ is born to be a transistor 
It may have won its discovers the Nobel prize, but graphene now has a serious rival. 
“Phosphorene” – which has a similar structure to carbon-based graphene but is made of 
phosphorus atoms – is a natural semiconductor and so may be better at turbocharging the 
next generation of computers. The new material has already been used to make rudimentary 
transistors. 
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Discovered 10 years ago, graphene is a form of pure carbon just a few atoms thick. This 
thinness causes electrons to zip across it much faster than they do across silicon, the material 
at the heart of today’s computer chips. So the hope is that graphene chips could eventually 
replace silicon, leading to much faster computers. 
But graphene has a fundamental limitation, says Peide Ye at Purdue University in West 
Lafayette, Indiana. It conducts electricity a little too well. 
Sticky tape 
By contrast, silicon is a semiconductor, meaning it can be made to conduct electricity – or 
block its flow. This switching capability is the defining feature of transistors and makes 
possible the binary logic at the heart of a computer chip. “Because of that I don’t think 
graphene can really compete with silicon for integrated circuits,” says Ye. 
Enter phosphorene, which is ultra-thin like graphene but made of phosphorus atoms instead. 
Most exciting of all, like silicon, it is a natural semi-conductor. Ye, who has spent many years 
studying graphene, discovered the stuff after a tip-off. “One of my colleagues mentioned that 
there is a form of phosphorus called black phosphorus that might be a layered structure,” he 
says. “When I looked up its properties on Wikipedia, within about 30 minutes I knew that it 
had potential.” 
Ye and his colleagues found that they could use ordinary sticky tape to peel away sheets just 
a few atoms thick from black phosphorus crystals. The same technique was famously used to 
peel graphene sheets from chunks of graphite– the material used to make pencil lead. “We 
call it the Scotch tape technique – it’s very low-tech,” says Ye. 
The researchers have already fashioned simple transistors out of thin layer phosphorene, 
and shown they can be integrated with other two-dimensional materials and with silicon. 
Suicidal silicene 
Phosphorene seems to be gaining momentum. Work with phosphorene transistors has also 
been done by Yuanbo Zhang of Fudan University in Shanghai, China, and colleagues. 
Sankar Das Sarma of the University of Maryland in College Park says that phosphorene’s 
natural semiconductor properties give it an edge over graphene. “That’s something that 
cannot yet be easily done using graphene.” 
Whether phosphorene can compete with silicon has yet to be seen, particularly as it is 
unclear how to reliably produce the larger sheets that would be required for applications. 
“Obviously, technology cannot depend on Scotch tape extraction,” says Das Sarma. 
Phosphorene seems to have advantages over rival thin-layered materials. Silicene, which 
consists of super-thin layers of silicon for example, is a semi-conductor like phosphorene and 
in theory may conduct electricity particularly efficiently, like graphene. But it is harder to 
make than phosphorene or graphene. You can’t just peel layers of it off a chunk of silicon – 
and it has a tendency to self-destruct. 
And stanene is a proposed ultra-thin material made of tin atoms that might have similar 
properties to graphene, but as yet it only exists only in simulation. 
B.4. Textbook sample 
The bipolar junction transistor (BJT) was named because its operation involves conduction by 
two carriers: electrons and holes in the same crystal. The first bipolar transistor was invented at 
Bell Labs by William Shockley, Walter Brattain, and John Bardeen so late in 1947 that it was not 
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published until 1948. Thus, many texts differ as to the date of invention. Brattain fabricated a 
germanium point contact transistor, bearing some resemblance to a point contact diode. Within a 
month, Shockley had a more practical junction transistor, which we describe in following 
paragraphs. They were awarded the Nobel Prize in Physics in 1956 for the transistor. 
The bipolar junction transistor shown in Figure below(a) is an NPN three layer semiconductor 
sandwich with an emitter and collector at the ends, and a base in between. It is as if a third layer 
were added to a two layer diode. If this were the only requirement, we would have no more than 
a pair of back-to-back diodes. In fact, it is far easier to build a pair of back-to-back diodes. The 
key to the fabrication of a bipolar junction transistor is to make the middle layer, the base, as thin 
as possible without shorting the outside layers, the emitter and collector. We cannot over 
emphasize the importance of the thin base region. 
The device in Figure below(a) has a pair of junctions, emitter to base and base to collector, and 
two depletion regions. 
 
 
 
(a) NPN junction bipolar transistor. (b) Apply reverse bias to collector base junction. 
It is customary to reverse bias the base-collector junction of a bipolar junction transistor as 
shown in (Figureabove(b). Note that this increases the width of the depletion region. The reverse 
bias voltage could be a few volts to tens of volts for most transistors. There is no current flow, 
except leakage current, in the collector circuit. 
In Figure below(a), a voltage source has been added to the emitter base circuit. Normally we 
forward bias the emitter-base junction, overcoming the 0.6 V potential barrier. This is similar to 
forward biasing a junction diode. This voltage source needs to exceed 0.6 V for majority carriers 
(electrons for NPN) to flow from the emitter into the base becoming minority carriers in the P-
type semiconductor. 
If the base region were thick, as in a pair of back-to-back diodes, all the current entering the base 
would flow out the base lead. In our NPN transistor example, electrons leaving the emitter for 
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the base would combine with holes in the base, making room for more holes to be created at the 
(+) battery terminal on the base as electrons exit. 
However, the base is manufactured thin. A few majority carriers in the emitter, injected as 
minority carriers into the base, actually recombine. See Figure below(b). Few electrons injected 
by the emitter into the base of an NPN transistor fall into holes. Also, few electrons entering the 
base flow directly through the base to the positive battery terminal. Most of the emitter current of 
electrons diffuses through the thin base into the collector. Moreover, modulating the small base 
current produces a larger change in collector current. If the base voltage falls below 
approximately 0.6 V for a silicon transistor, the large emitter-collector current ceases to flow. 
 
 
 
NPN junction bipolar transistor with reverse biased collector-base: (a) Adding forward bias to 
base-emitter junction, results in (b) a small base current and large emitter and collector 
currents. 
In Figure below we take a closer look at the current amplification mechanism. We have an 
enlarged view of an NPN junction transistor with emphasis on the thin base region. Though not 
shown, we assume that external voltage sources 1) forward bias the emitter-base junction, 2) 
reverse bias the base-collector junction. Electrons, majority carriers, enter the emitter from the (-) 
battery terminal. The base current flow corresponds to electrons leaving the base terminal for the 
(+) battery terminal. This is but a small current compared to the emitter current. 
 
